Neurons of the dorsal spinocerebellar tracts (DSCT) have been described to be 27 rhythmically active during walking on a treadmill in decerebrate cats, but this activity ceased 28 following de-afferentation of the hindlimb. This observation supported the hypothesis that 29 DSCT neurons primarily relay the activity of hindlimb afferents during locomotion, but lack 30 input from the spinal central pattern generator (CPG). The VSCT neurons, on the other hand, 31
Introduction 47
The feline dorsal and ventral spinocerebellar tracts (DSCT and VSCT) are two main 48 ascending pathways which have been perceived to be serving different functional roles. They 49 are different entities because of their anatomical organization and they have also been 50 thought to convey different input to the cerebellum (Bosco and Poppele 2001; Lundberg 51 1971; Oscarsson 1965) . The commonly accepted view is that the DSCT neurons primarily 52 relay sensory input from afferents and they are less influenced by the activity of other spinal 53 neurons than the VSCT cells (Arshavsky et al. 1986; Bosco and Poppele 2001) . There is 54 strong evidence that VSCT cells monitor premotoneuronal activity in relation to motor 55 commands (Lundberg 1971; Mann 1973; Oscarsson 1965) . Cortical input via disynaptic 56 pathways to DSCT cells ) and some unidentified 57 spinal input to DSCT cells has been recognized that may serve to maintain their tonic activity 58 in the absence of sensory input following section of the dorsal roots (Holmqvist et al. 1956) . 59
Recently, cortical control of DSCT cells in neonatal mice has been recognized (Hantman and 60 Jessell 2010) and it was suggested that DSCT neurons may also be important components of 61 spinal circuits used for planning and evaluation of motor actions. 62
Early reports on the activity of spinocerebellar tract cells during locomotion described 63 DSCT cells to be rhythmically active during actual walking on a treadmill in decerebrate cats, 64 but de-afferentation of the hindlimb by dorsal root transection abolished the step-related 65 modulation (Arshavsky et al. 1972b ). This observation supported the hypothesis that the 66 function of the DSCT neurons is to relay the activity of hindlimb sensory afferents during 67 locomotion while not receiving excitation from the spinal neurons comprising the central 68 pattern generator (CPG) for locomotion. VSCT neurons, on the other hand, were found to be 69 active not only during actual locomotion on a treadmill, (Arshavskii et al. 1972a ) but also 70 following deafferentation (Arshavskii et al. 1972b ), as well as during fictive locomotion 71 without rhythmic sensory feedback (Orsal et al. 1988 ). In addition, VSCT neurons have been 72 found to be phasically active during fictive scratch (Arshavskii et al., 1975; Arshavsky et al 73 1978) , while DSCT neurons were reported to have no rhythmic modulation of firing during 74 fictive scratch (Arshavskii et al. 1975 ). Some years later, indirect evidence lead to the 75 hypothesis that spinal timing generators may also convey information to the cerebellum via 76 DSCT neurons (Perciavalle et al. 1995) but it is still unclear whether signals from the CPG 77 circuitry reach DSCT cells. Therefore the role of DSCT cells during rhythmic motor actions, 78 namely during fictive locomotion and fictive scratch was examined in this study. 79
Fictive locomotion and scratch refers to motor output monitored by 80 electroneurograms from hindlimb nerves in decerebrate animals that are paralyzed by 81 pharmacological blockade of the neuromuscular junctions. The fictive motor output closely 82 resembles that during real locomotion and scratch activity but there is no movement and 83 therefore no rhythmic sensory feedback. In this state the activity of the spinocerebellar tract 84 cells can be ascribed to inputs from the neuronal networks involved in the generation of the 85 motor activity. In this study, we examined the activity pattern of DSCT and VSCT neurons 86 during two different types of fictive motor activity by extra-and/or intracellular recordings of 87 identified tract cells. Fictive locomotion was induced by the electrical stimulation of the 88 mesencephalic locomotor region (MLR) and fictive scratch was induced by mechanical 89 stimulation of the skin covering the ears or the face in decerebrate cats following application 90 of curare and/or bicucculine at the dorsal root entry zone of the first and second cervical 91 segments. Preliminary results have been presented as abstracts (Fedirchuck et al. 1995 ; In the first series of studies (experiments on fictive locomotion) anesthesia was first 107 induced by an intravenous injection of Saffan (1 ml/kg; alphaxalone 9 mg/ml + alphadolone 3 108 mg/ml; for n=15, 3.0 -4.4 kg animals). In the second series (experiments on fictive scratch) 109 induction was attained by halothane (2-3% halothane, 70% N 2 O and 30% O 2 ; for n=7, 3.2 -110 4.6 kg animals). After a tracheotomy and intubation, anesthesia was maintained throughout 111 the surgery with Halothane (0.8-1.5%) delivered in an oxygenated mixture of nitrous oxide 112 (60% N 2 O, 40% O 2 ). The blood pressure was monitored continuously via a carotid artery 113 catheter and cannulae were also placed in both forelimb brachial veins for administration of 114 drugs. Atropine (0.1 mg/kg, subcutaneous), dexamethasone (1.0 mg/kg, intravenous) or 115 solumedrol (2.5 mg/kg i.v.) and a glucose/bicarbonate buffer solution (10% dextrose and 116 1.7% NaHCO 3 ) at a rate of 2.5 to 4.0 ml/hr, intravenously were routinely administered early 117 in the experiment. 118
In both series of experiments, the nerves innervating the following hindlimb muscles 119 were dissected on the left side: the multifunctional hamstring muscles posterior biceps and 120 semitendinosus (PBSt) that are often active during both flexion and extension of fictive 121 locomotion and during extension of fictive scratch, the semimembranosus and anterior biceps 122 (SmAB) active during extension, the medial and lateral gastrocnemious and soleus (GS), 123 plantaris (Pl) that are both active during extension, the tibialis anterior (TA) and extensor 124 digitorum longus (EDL), often TA and EDL together as deep peroneal (DP) both active 125 during flexion of fictive locomotion and during both flexion and extension of fictive scratch, 126 the and digit mover flexor digitorum and hallucis longus (FDHL) that is often active during 127 both phases of fictive locomotion and of fictive scratch. In addition, the posterior tibial (Tib) 128 nerve innervating ankle extensor muscles and carrying cutaneous input; the cutaneous sural 129
In the first series of experiments both sciatic nerves and all the dissected branches 140
were sufficiently dissected to allow the hindlimbs to hang pendant thus avoiding extension of 141 the hip when constructing the hindlimb paraffin pool, which could prevent locomotor 142 activities while the dissected nerves were laid in a plastic tray, filled with mineral oil, where 143 they were placed on bipolar silver hook electrodes to be either stimulated or recorded. 144
In the second series of experiments the hindlimbs were fixed in an extended position 145 to allow for the construction of a paraffin pool using the skin covering the hindlimbs and the 146 dissected nerves were placed on bipolar silver hook electrodes. In this case all branches from 147 the femoral, obturator and sciatic nerves were sectioned and the tendons of muscles crossing 148 the hip joint (which were not denervated) were cut in order to prevent sensory feedback 149 signaling the hip extension. All the hindlimb nerves as well as the exposed spinal cord were 150 covered with mineral oil. The temperature of the animal´s core and the mineral oil pools were 151 maintained at physiological levels using a feedback heating system. 152
In both series of experiments, laminectomy of the L3-L6 vertebrae exposed the 153 lumbo-sacral segments, and in 2 animals the lower thoracic segments were also exposed by a 154 laminectomy of the 12 th to 13 th thoracic vertebrae. The first cervical vertebra was also 155 removed and in the second series the second cervical vertebrae was removed as well. 156
In both series of experiments, a craniotomy was performed and the animal was 157 mechanically decerebrated at a precollicular postmammillary level and all brain tissue rostral 158 to the transection was removed. At this time the anesthetic was discontinued and decreases in 159 blood pressure associated with the decerebration were countered by intravenous 160 administration of Oxypherol (an oxygen carrying volume expander, <10ml) and/or Gentran 161 (3000 mM dextran solution, <10ml). The animal was paralyzed with intravenous Pavulon 162 (pancuronium bromide; 0.2mg/kg, supplemented every 40-60 min) and ventilated to maintain 163 end tidal CO 2 at 4-6%. The tentorium was removed to expose the brainstem and the 164 cerebellum for later electrical stimulation. When the blood pressures became less than 80 165 mmHg the drop was counteracted with intravenous administration of a volume expander (see Surface stimulation was applied using insulated monopolar steel electrode placed on 231 the anterior cerebellar cortex with the anode placed in the neck muscles near the base of the 232 head, thus presumably activating deeper structures such as the peduncle. Surface stimulation 233 was used in all experiments of the first series (i.e. those with fictive locomotion). 234
Furthermore, we often verified that in addition to antidromic activation from the cerebellar 235 surface, VSCT neurons could be antidromically activated by a high strength stimulus pulse 236 (up to 300 μA, 1 ms pulse) from the contralateral MLR electrode since most VSCT fibers 237 enter the cerebellum through the superior cerebellar peduncle (Oscarsson 1965 ) and this 238 structure is close to the cuneiform nucleus and the area stimulated for evoking fictive 239 locomotion albeit some VSCT neurons are known to enter via the inferior cerebellar peduncle 240 as in e.g. (Kitamura and Yamada 1989) . 241
Intra-CB stimulation was applied by using parylene-coated tungsten electrodes (0.1 -242 0.3 MΩ, World Precision Instruments, Sarasota, FL, USA) initially inserted into the 243 cerebellum 1-2 mm dorsal and caudal to its junction with the inferior colliculi and about 2-3 244 mm lateral from the midline as shown in Fig. 1B . In Fig. 1D we illustrate cord dorsum 245 potentials recorded at the 6 th -7 th lumbar segment following intra-cerebellar stimulation 246 applied in one preparation. The most prominent descending volleys were seen at intra-CB 247 depth of 5-7 mm. Extracellular recordings in Fig. 1E illustrate the spike evoked by the intra-248 CB stimulation at 6 mm depth. The collision of the antidromic spike with a spontaneous 249 spike is shown by the arrow. The area where the approximate location of our identification 250 points were in the cerebellum corresponds well with previous reports on the optimal 251 antidromic activation sites used for DSCT neurons (Edgley and Gallimore 1988) . 252
253

Results 254
Not only the VSCT neurons, but the majority of the DSCT neurons was found to be 255 active during fictive locomotor activity in a cyclic, phase-related manner even though there 256 was no actual hindlimb movement or phasic afferent input. In addition, we also found that 257 about two-thirds of the DCST neurons show phase-related activity during fictive scratch. 258
Activity of DSCT neurons during fictive locomotion 259
Extracellular or intracellular recordings were obtained from 81 DSCT neurons. 69 of 260 these neurons were recorded in the L3 -L5 spinal segments and 12 neurons were recorded in 261 the L1 or L2 spinal segments. Figure When such oscillations of postsynaptic potentials were recorded from motoneurons they were 278 called locomotor drive potentials or LDPs (Shefchyk and Jordan 1985). Spikes were absent in 279 this trial because the sodium channels had been inactivated by a prolonged depolarizing 280 current injection just before this recording period. The lower panels (B) show the averaged 281 membrane potential and flexor and extensor ENG activity during the normalized and 282 averaged step cycles (n=8). The activity of 9/12 cells was deemed to be modulated in phase 283 with the step cycle based on analysis of intracellular recordings; but not all of these cells were 284 recorded from an extracellular position and their firing patterns could not be analyzed. 285
However, all 9 cells exhibited some degree of LDPs ranging from 0.7 to 6.0 mV. 286
Fig 3 here 287
A total of 57/81 (70%) of DSCT cells in this study showed activity that was 288 modulated in relation to the fictive step cycle. There was no difference in the propensity for 289 DSCT neurons from different spinal segments to exhibit phasic modulation during fictive 290 locomotion, or to be active during a particular phase of the step cycle (see Table 1 ). Of the DSCT cells showed tonic background activity with a mean of 22 Hz IFF while the mean IFF 301 of the same cells during fictive locomotion was 20 Hz. The background firing frequency of 302 7/33 cells was comparable to the peak firing rates seen during fictive locomotion. In 2/33 303 cells the firing frequency during fictive locomotion was actually lower than the background 304 rate. In the remaining 24 cells the firing frequencies during fictive locomotion were higher 305 than the background rates. 306 307
Activity of VSCT neurons during fictive locomotion 308
Extracellular and intracellular recordings were obtained from 30 VSCT neurons 309 within the L2 to L5 spinal segments. Fig. 4 illustrates an extracellular recording of the 310 activity of a VSCT neuron during fictive locomotion. This unit started firing at the peak of 311 ipsilateral extension, i.e. before the onset of Sart ENG activity (see Fig. 4B ). In the example 312 in Fig. 4 , the cell had a 300 Hz change in instantaneous firing frequency during the averaged 313 (n=12) fictive step cycle (see Fig. 4B ). Overall, 100% of the VSCT cells recorded showed 314 phasic activity with fictive locomotion. A total of 19 extracellularly recorded VSCT units 315 fired exclusively in flexion, 8 fired only during extension and 3 units fired throughout the 316 fictive step cycle but at a higher frequency in one phase (2 in flexion and 1 in extension). 317
There was no significant difference in the degree of the cycle related changes in 318 instantaneous firing frequency between extension and flexion-coupled VSCT neurons Whitney rank sum test p>0.05). 320
Fig. 4 here 321
Prior to the onset of fictive locomotion there were 14/30 VSCT cells with tonic 322 background activity. For 13 of these VSCT cells, the firing rates during fictive locomotion 323 were much greater than the background frequencies prior to locomotor activity. The 324 remaining one VSCT cell had comparable firing rates prior to and during fictive locomotion. 325
Locomotor drive potentials in VSCT cells are illustrated in Fig. 5A and during the 326 normalized and averaged steps (n=24) the peak-to-peak amplitude was 6.8 mV (Fig. 5B ). All 327 of the intracellularly recorded VSCT cells (n=7) were depolarized during the flexion phase of 328 fictive locomotion. In 4/7 cells the action potential generation ceased spontaneously (i.e. 329 without hyperpolarization of the membrane potential by current injection) so the LDPs could 330 be averaged, and their amplitude was measured. For the other 3 cells, hyperpolarizing current 331 injection (1.0, 6.4 and 7.8 nA) was used to transiently suppress action potential production in 332 order to measure LDP amplitude. Each of the 7 VSCT neurons recorded intracellularly 333 displayed LDPs ranging from 1.4 to 9 mV peak-to-peak amplitude. 334 instantaneous firing frequency is shown in Fig. 6B . 343 
Differences in firing frequency between VSCT and DSCT cells 366
Our data of the DSCT and the VSCT cell activity during fictive locomotion were 367 collected as interspersed recordings with similar robustness of locomotor network activity 368 while recording from one or the other cell types. We have not made a systematic comparison 369 of cellular activity from one locomotor or scratch bout to the next, but in 13 DSCT cells we 370 have recordings during two or more bouts of fictive scratch and none of these cells showed 371 changes in their firing pattern from one bout to another. There were no attempts made to 372 quantify the ENG recordings in relation to the firing frequency for either cell type. 373
It became apparent that although DSCT and VSCT neurons could both be phasically 374 active during fictive locomotion, there were differences in the degree of modulation of 375 activity exhibited by the two cell types. during fictive scratch is illustrated in Fig. 8B and it was found to be in the same range as that 386 during fictive locomotion. 387 
Relation of excitatory peripheral input and phase of rhythmic activity 390
We have categorized the DSCT cells examined in the present study based on the 391 synaptic input from peripheral afferents as it has been described in the reviews by Mann 392 (1973) and Oscarsson (1965) . Table 1 shows the source of excitatory synaptic input to the 393 DSCT neurons tested in this study. There was no relation between the source of afferent 394 excitation to a DSCT neuron and whether or not the activity of the neuron was modulated 395 with the fictive step cycle. For those DSCT neurons with activity that was modulated with the 396 fictive locomotion, there was no relation between the source of synaptic excitation and the 397 cycle phase that the unit was active-even in the case when DSCT cells had monosynaptic 398 input from group I afferents. There was no difference in the degree of modulation between 399 the DSCT neurons with different patterns of inputs (one way ANOVA, p=2.97). As shown in 400 Table 1 , DSCT cells with excitation from extensor group I afferents were not only active 401 during extension, but 7/18 were active during flexion. 402 Table 1 here 403
The DSCT neurons with phasic activity during fictive locomotion could belong to any 404 of the categories that we have defined (see Table 1 ). The DSCT cells examined during fictive 405 scratch were not included in the Table due to the small sample size. During fictive scratch 2/3 406 flexor-related DSCT cells had no discernible sensory input and the third cell had group II 407 muscle afferent input from Sart and Quad. There were 2/6 of the extensor-related cells that 408 had no discernible sensory input and 2 with input from Tib and FDHL (and 2 that were not 409 tested for sensory inputs). In, 6/10 excitation from multiple sources (Sart, Q, PBSt or Tib) 410 was evoked, 2/10 had no sensory input and 1/10 had only cutaneous input from Sural (1/10 411 cell was not tested for inputs). 412
The VSCT neurons were also divided into groups based on the pattern of synaptic 413 input that they receive. In our sample, 6 of the VSCT neurons received excitation from 414 extensor group I muscle afferents, 2 from flexor group I muscle afferents, 6 received 415 excitation from higher threshold group II muscle and cutaneous afferents, while 9 received 416 polysynaptic inhibition from various sources. Seven VSCT neurons had no discernible 417 sensory inputs. As with DSCT neurons, we detected no trend for a difference between the 418 degrees of modulation within the fictive step cycle for the different categories of the VSCT 419 neurons, but note our small sample size. 420 421
Discussion 422
The results presented in this paper show that not only VSCT but also DSCT cells 423 discharge phasically during fictive locomotion evoked by electrical stimulation of the MLR 424 in pre-collicular/post-mamillary decerebrated cat preparations. We also demonstrate that 425 many DSCT cells are phasically active during fictive scratch. Given the absence of phasic 426 sensory activity during these fictive motor outputs, the results imply that inputs from the CPG 427 are often sufficient to induce firing in these ascending tract neurons. 428 429
Comparison of DSCT and VSCT activity during fictive motor actions 430
The vigorous rhythmic activity of VSCT neurons during fictive locomotion reported 431 in this study supports previous findings (Arshavskii et al. 1972a; decerebration (present study) may also account for some of the apparent differences. 457
Alternatively, phasic activity could have been dependent on the rostro-caudal location of 458 DSCT cells therefore we extended our recordings to DSCT neurons located in the L1 to L5 459 spinal segments. We found that DSCT neurons from all segments could exhibit rhythmic 460 activity during fictive locomotion as well as during fictive scratch (but our sample size during 461 scratch is relatively small). There was no relation between the phasic activity during fictive 462 locomotion and the conduction velocity or the types of excitatory afferent input of a DSCT 463 neuron (see Table 1 ). There was no relation between the phasic activity during fictive scratch 464 and the types of excitatory afferent input of a DSCT neuron. It is noteworthy that DSCT 465 neurons active during the extension phase of fictive locomotion could be activated by group I 466 afferents from either extensors or flexors. 467 468
What is driving tonic and rhythmic activity of the DSCT cells? 469
Tonic background (or "resting" activity) activity of DSCT cells in unanaesthetized 470 decerebrate preparations without motor activity has been well documented (Arshavskii et al. 471 1972a; Holmqvist et al. 1956 ). In principle there could be at least three sources for this 472 activity; firstly, a tonic drive from sensory afferents, secondly a tonic excitatory input from 473 spinal interneurons and/or descending pathways, or, thirdly, a spontaneous activity 474 maintained by intrinsic properties in the DSCT neurons. 475
It is known that sensory afferents exert monosynaptic excitation of VSCT neurons to 476 a smaller extent than that of DSCT neurons (Arshavsky et al. 1986; Lundberg 1971; 477 Oscarsson 1965) . This is also supported by the different distribution of vesicular 478 of afferent fibers in the resting decerebrate state is actually reduced during activation of the 552 locomotor CPG -and even more reduced during fictive scratch when compared to resting i.e. 553 no motor activityin the same preparation (Cote and Gossard 2003) . Secondly, the CPG 554 activity leads to a phase-related modulation of the dorsal root potentials but at the same time 555 it also leads to reduction of transmission in sensory afferent-evoked PAD pathways (Cote 556 and Gossard 2003) . All in all, we would have expected a large difference in the modulation of 557 the firing frequency in DSCT cells during the two behaviors i.e. lower changes during fictive 558 scratch than during fictive locomotion. Our results, however, show overlapping frequency 559 modulation (see Fig. 8 ) therefore we find it unlikely that PAD evoked by the locomotor and 560 scratch CPG is the cause of the firing activity of DSCT cells during fictive motor actions. 561 562
Functional implications of rhythmic firing in the dorsal and ventral spinocerebellar 563 pathways during motor activity 564
An extensive discussion on the role of the spinocerebellar pathways with regard to 565 sensory feedback to the cerebellum during motor activity is outside the scope of this study. 566
Our present results emphasize the central -both spinal and descending-inputs to the DSCT 567 cells which have been known (see previous section) but have been underestimated because of 568 the emphasis on the strong sensory input to DSCT cells that has been prevalent since the 569
1960s. 570
Our data show that there is an underlying "CPG-driven" activity of DSCT cells during 571 rhythmic motor tasks. Even if the actual recruitment and final firing rate is more strongly 572 influenced by peripheral afferent activity, the underlying locomotor and scratch potentials 573 would provide a fluctuating baseline on which the afferent input is superimposed. The 574 convergence of sensory input with the baseline excitation or inhibition may serve as a gate to 575 allow the selective transmission of sensory input to the cerebellum. 576
Any hypothesis on the role of the information transmitted by the DSCT (in general, 577
and as compared to that by the VSCT) has to take into account the terminations and 578 interactions at cerebellar level, starting with the convergence at the granule cells e.g. (2010) is referring to internal models of the planned motor activity, and the corollary 590 discharge to distinguish exafference (sensory signals generated from external stimuli in the 591 environment) from re-afference (sensory signals resulting from an animal's own actions) due 592 to the planned movement. Thus they place the DSCT cells in a more central position than 593 previously viewed for motor planning and evaluation. Our present results add to previous 594 evidence demonstrating that the early idea of the DSCT pathway as primarily mediating 595 sensory afferent information cannot be maintained. Even though there are differences 596 between the convergence of sensory afferent input and central excitation versus inhibition for 597 DSCT and VSCT neurons, the overall similarities seem to be dominating during rhythmic 598 motor actions. While the hypothesis of VSCT cells being an input-output comparator stands 599 yet unchallenged, the role of DSCT cells with respect to sensory-motor integration must be 600 re-evaluated with an increased appreciation that transmission through the DSCT reflects the 601 convergence of activity in spinal motor generating circuitry and peripheral sensory afferents. 
